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摘要 
摘要 
2 型髓系细胞触发受体（Triggering receptor expressed on myeliod cells 2, 
TREM2）是中枢神经系统（central nervous system，CNS）中主要表达于小胶质
细胞表面并参与机体固有免疫的一种受体蛋白，与其接头蛋白酪氨酸激酶结合蛋
白（DNAX activating protein of 12 kDa, DAP12）形成 TREM2/DAP12复合物，从
而调节小胶质细胞中的炎症反应和吞噬功能。TREM2 属于Ⅰ型跨膜蛋白，其胞
外段经过蛋白酶切割后产生可溶形式 TREM2（soluble TREM2, sTREM2）并释放
至胞外。早期研究发现 TREM2 的突变导致 NHD（Nasu-Hakola Disease），最近
全基因组关联分析（Genome-wide association study, GWAS）发现，TREM2 编码
区的突变显著增加罹患阿尔茨海默症（Alzheimer’s Disease, AD）的风险，其中
R47H 突变的风险系数与 apoE4 相似。随后的研究表明，TREM2 的突变还与额
颞叶痴呆（frontotemporal dementia , FTD）、帕金森症（Parkinson’s disease, PD）、
肌萎缩性脊髓侧索硬化症（amyotrophic lateral sclerosis, ALS）等神经退行性疾病
相关。这表明 TREM2 在神经退行性疾病中发挥着重要作用，但是 TREM2 突变
如何加剧神经退行性疾病发生风险还需要进一步研究。APOE（apolipoprotein E）
是最早被发现与晚发型 AD相关的基因，主要有三种基因型：ε2、ε3、ε4，分别
编码 apoE2、apoE3 和 apoE4蛋白。ε4作为晚发型 AD的风险因子，其具体机制
还不是很清楚。 
在本研究中，我们首先构建了 TREM2 胞外段（sTREM2, 1-171 aa）及疾病
相关突变（包括 R47H、R62H两个 AD相关突变及 Y38C、T66M两个 FTD相关
突变），通过在 HEK293T 上表达并从培养基中纯化这些蛋白。我们发现，Y38C
和 T66M 突变的 sTREM2 胞外水平极低，这表明 Y38C 和 T66M 突变可能影响
sTREM2 蛋白的分泌从而导致功能异常。接着，我们发现 sTREM2 野生型（wild 
type, WT）能够增加小胶质细胞分泌的促炎因子 IL-1β、IL-6和 TNF-α的 mRNA
水平。但是，与 sTREM2 WT相比，sTREM2 T66M 增加的炎症因子水平显著升
高，而 sTREM2 R47H和R62H表现出较弱的促炎作用。然后，我们探讨了 sTREM2
突变体对野生型和 Trem2（knockout, KO）原代小胶质细胞凋亡的影响，TUNEL
实验表明 sTREM2 WT 能够抑制细胞凋亡，但是， sTREM2 R47H、 R62H 和
Y38C 表现出较弱的抗凋亡作用。最近，两个研究团队同时揭示 apoE 可以结合
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摘要 
TREM2 的胞外段从而作为 TREM2 的一个新配体。我们细致地探讨了 apoE 与
TREM2 结合的特点。通过表面固相结合实验，发现 apoE3（10nM）与 TREM2
结合的解离常数为 150.8nM。同时我们发现，R47H、R62H、Y38C、T66M突变
形式的 TREM2 与 apoE3 的亲和性显著降低。通过对胞外不同长度的 TREM2 分
析，我们证实了 apoE 主要结合在 TREM2 1-71氨基端序列上。通过分析该区段
氨基酸特点构建了 TREM2 胞外正电荷氨基酸突变成丙氨酸的突变（K42A、R46A、
R47A、K48A、R52A、K57A），发现正电荷氨基酸突变的 sTREM2 与 apoE3的
亲和力降低， 说明 apoE 与 TREM2 的结合主要通过静电相互作用，TREM2 的
精氨酸和赖氨酸对于二者的结合起到关键作用。 
本研究证实了疾病相关的 TREM2突变影响了其在细胞中的转运及 sTREM2
的分泌，并且发现这些突变影响了 sTREM2 在炎症和凋亡中的功能，我们证实
这些突变降低了其与配体 apoE 的亲和力。总之，通过对 TREM2 突变增加神经
退行性疾病发生风险的作用机制进行细致探讨，可以了解 sTREM2 如何参与神
经退行性疾病的发生发展及疾病进程，也可以为靶向 sTREM2 的神经退行性疾
病药物研发提供理论基础。 
关键词：sTREM2；apoE；小胶质细胞；炎症；阿尔茨海默症 
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Abstract 
Abstract 
Triggering receptor expressed on myeliod cells 2 (TREM2) is an innate immune 
receptor mainly expressed on the surface of microglia. TREM2 plays important roles 
in cellular inflammation and phagocytosis via TREM2/DAP12 complex. TREM2 
belongs to type-Ⅰtransmembrane proteins with an ectodomain that is proteolytically 
cleaved and released into the extracellular space as a soluble form (soluble TREM2, 
sTREM2). It is well-known that mutations in TREM2 gene cause Nasu-Hakola 
Disease (NHD). Recently, genome-wide association studies have shown that TREM2 
mutations markedly increase the risk for Alzheimer’s disease (AD). The most 
commonly associated variant, rs75932628 (encoding R47H) has a similar odds ratio 
to APOE4. Subsequent research shows that TREM2 variants increase the risk for a 
spectrum of neurodegenerative disorders, including frontotemporal dementia (FTD), 
Parkinson’s disease (PD) and amyotrophic lateral sclerosis (ALS). Therefore TREM2 
plays important roles in neurodegenerative disorders, though the mechanism remains 
elusive. APOE is one of the strongest risk factors for AD that exists in three isofroms 
(ε2, ε3, ε4). Among them, apoE4 is associated with increased prevalence of AD and 
lower age of onset. 
Herein, we firstly constructed plasmids carried the coding sequences for the 
extracellular domain of TREM2 (sTREM2, 1-171) and disease-associated mutations, 
covering two AD-associated mutations (R47H, R62H) and two FTD-associated 
variants (Y38C, T66M). Then we expressed and purified these proteins in HEK293T 
cells. Data showed that sTREM2 Y38C and sTREM2 T66M had a very low 
extracellular level compared to sTREM2 WT (wild type), which suggested mutations 
may affect sTREM2 secretion leading to loss of function. Next, we found sTREM2 
increased the mRNA levels of IL-1β, IL-6 and TNF-α. Compared with sTREM2 WT, 
sTREM2 T66M increased the mRNA levels of IL-1β, IL-6 and TNF-α, while 
sTREM2 R47H, R62H decreased the level of those cytokines. Based on the report that 
sTREM2 promoted macrophage survival, we found sTREM2 suppressed the 
apoptosis of both WT and Trem2 knockout (KO) microglia, whereas sTREM2 R47H, 
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Abstract 
R62H and Y38C showed weaker effects in mediating anti-apoptosis. It was reported 
by two groups last year that apoE was a ligand for TREM2. We investigated the 
features of apoE interacting with TREM2 in details. Data indicated that the kd of 
TREM2 interacting with 10nM apoE3 was 150.8nM, yet TREM2 R47H，R62H, Y38C, 
T66M reduced the affinity significantly. Meanwhile, we found apoE mainly bound to 
TREM2 1-71 at the amino terminal. Furthermore, we found the interaction between 
TREM2 and apoE is electrostatic as changing positively charged amino acids to 
alanine abolished the interaction of TREM2 with apoE.  
Taken together, our study confirmed that mutations in TREM2 gene impaired the 
cellular trafficking and secretion. Besides, the disease-associated mutations impaired 
the function of sTREM2 in regulating microglial inflammation and apoptosis. 
Moreover, these mutations of TREM2 reduced its affinity to apoE. In brief, this study 
helps us to understand the roles of TREM2 in neurodegenerative diseases and guides 
the screening of drugs targeted TREM2. 
Key words: sTREM2; apoE; microglia; inflammation; Alzheimer’s disease 
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英文缩略词 
 
英文缩略词 
英文缩写 英文全名 中文名称 
ACh                                              acetyl choline 乙酰胆碱 
AD Alzheimer’s Disease 阿尔茨海默症 
ADAD autosomal-dominant AD 常染色体显性阿尔茨海
默症 
ADAM A Disintegrin And Metalloproteinase 解聚素金属蛋白酶 
ALS amyotrophic lateral sclerosis 肌萎缩性脊髓侧索硬化
症 
apoE apolopoproteinE 载脂蛋白 E 
apoER2 apoE receptor 2 apoE受体 2 
APP β-amyloid precursor protein β-淀粉样前体蛋白 
CaMK calcium/calmodulin-dependent kinase  钙/钙调蛋白依赖性蛋白
激酶 
CDK5                       cyclin-dependent kinase-5 细胞周期依赖性蛋白 5 
CNS                                    central nervous system 中枢神经系统 
CSF                                             cerebrospinal fluid 脑脊液 
DAP12                DNAX activating protein of 12 kDa 酪氨酸激酶结合蛋白 
DC                                              dentritic cells   树突细胞 
EOAD                                Early-onset AD   早发型阿尔茨海默症 
ERK                     extracellular signal-regulated kinase 胞外信号调节激酶 
FAD                                      Familial AD 家族性阿尔茨海默症 
FTD frontotemporal dementia 额颞叶痴呆 
GSK3                             glycogen synthase kinase-3 糖原合成激酶 3 
GWAS                       Genome-wide association study 全基因组关联分析 
HDL                                  high-density lipoproteins 高密度脂蛋白 
HSPGs                      heparan sulfate proteoglycans 硫酸类肝素蛋白聚糖 
Ig                                            immunoglobulin 免疫球蛋白 
IL-1                                                 interleukin 1 白介素 1 
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英文缩略词 
 
IL-4                                                interleukin 4 白介素 4 
IL-6                                                 interleukin 6 白介素 6 
IL-10                                              interleukin 10 白介素 10 
IL-12                                            interleukin 12 白介素 12 
IL-13                                             interleukin 13 白介素 13 
IL-18                                               interleukin 18 白介素 18 
ITAM immunoreceptor tyrosine-based activation 
motif 
免疫受体酪氨酸激活基
序 
ITIM immunoreceptor tyrosine-based inhibitory 
motif 
免疫受体酪氨酸抑制基
序 
LAT                           Linker for Activating T Cells T细胞活化链接器 
LDL                                  low-density lipoproteins 低密度脂蛋白 
LDLR                                            LDL receptor LDL受体 
LOAD                                  Late-onset AD 晚发型阿尔茨海默症 
LPS                                           lipopolysaccharide 脂多糖 
LRP1                               LDLR-related protein 1 LDLR 相关蛋白 1 
LTA                                            lipoteichoic acid 脂磷壁酸 
LTP                                       long-term potentiation 长时程增强 
MAP                            Microtubule-associated protein 微管相关蛋白 
MAPK                    mitogen-activated protein kinase 丝裂原活化蛋白激酶 
MAPT            microtubule-associated protein tau gene 微管相关蛋白 Tau基因 
MMP                                matrix metalloproteases 基质金属蛋白酶 
MS                                         multiple sclerosis 多发性硬化 
NFTs                                  Neurofibrillary tangles 神经纤维缠结 
NMDA                             N-methyl-D-aspartate N-甲基-D-天冬氨酸 
NOS2                                 nitric oxide synthase 2 一氧化氮合酶 2 
PD                                         Parkinson’s disease 帕金森疾病 
PHF                                       paired helical filaments 双螺旋丝 
PI3K                            phosphoinosi tide 3 kinase 磷脂酰肌醇-3-激酶 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
